This study made use of a micro-costing approach to measure the direct costs as a result of living kidney donation. Indirect costs were also reported. Such findings will give insights to policy development to minimize costs incurred by living kidney donors.
The incidence of end-stage kidney disease (ESKD) continues to increase worldwide, and transplantation remains the best treatment option. A kidney transplanted from a living donor has the added benefit of allowing recipients to bypass the waiting list for deceased-donor organs, with many recipients gaining more than 10 years of life expectancy. 1, 2 Moreover, every year living with a transplant versus treating kidney disease with dialysis saves the health care system approximately $100 000 per patient. 3, 4 While living kidney donation is considered safe from a medical perspective, 5 many donors incur substantial financial expenses during the donation process. Current estimates suggest that over 90% of donors incur expenses as a result of donation, including direct costs (e.g. expenses for traveling to and from the evaluation centre) and indirect costs (e.g. lost income for time off work to heal from donation). 6, 7 A recent Canadian study estimated that while the total average cost incurred by living kidney donors was $CAD3268, one third of living kidney donors incurred more than $CAD3000 in out of pocket costs, and 15% of donors incurred costs that exceeded $CAD8000. 8 To reduce the financial burden of living kidney donation, many jurisdictions have introduced reimbursement programmes that cover donation-related expenses for donors. [9] [10] [11] In Australia, rates of living donor kidney transplantation have decreased by 32% since 2008 and many prospective donors cite financial concerns as a top reason for not proceeding with donation. 12 , 13 Yet, despite being essential to guide informed consent processes and fair reimbursement programmes, donor expenses remain poorly understood. 14 We undertook this study to describe and quantify the costs borne by living kidney donors in Australia. As part of an ongoing multicentre study examining the medical, financial, and psychological implications of living kidney donation, we estimated the direct and indirect costs incurred by living kidney donors in Australia between 2010 and 2014.
METHODS

Design, setting and population
Data for this study were obtained from an ongoing multicentre prospective cohort study examining the medical, financial, and psychological implications of living kidney donation. Participants (1042 living kidney donors and 400 healthy matched non-donors) were enrolled across Canada (12 centres) and Australia (five centres) between 2009 and 2014. The results presented here are for the subset of Australian donors enrolled between 2010 and 2014; results for Canadian donors will be presented separately. All donors who participated in this study had been approved by their local nephrology team to donate a kidney, were enrolled prior to donation, were 18 years of age or older, and were able to communicate in English or French.
Costing methods and measures
We used a micro-costing approach and measured units of resources consumed and assignment of a cost per unit (e.g. distance travelled and cost per km) to allow for portability and comparison across jurisdictions. Detailed costing methods are provided in Appendix A. Major cost categories relevant to living donors were identified through a systematic review of the relevant literature 15 in conjunction with consultation of healthcare professionals in transplantation (Fig. 1 ). Expenses were grouped into direct and indirect costs. As detailed in Appendix A, direct costs included resources consumed as a result of donating a kidney, regardless of whether a direct monetary transaction occurred; direct costs included ground and air travel, accommodation, and prescription medications. Indirect costs included lost wages, use of paid time off or sick leave, and lost productivity (household/domestic activities and caring for dependents).
As a final step, we valued the various resources collected. Workforce productivity was valued using Australian statespecific average wage rates. Other resources were assigned a unit cost using conventional costing techniques with relevant Australian estimates. Out-of-pocket costs were reported as total costs rather than costs per episode (e.g. total cost of parking versus cost per parking stay). Costs are reported in 2016 Australian dollars (one Australian dollar = $0.78 USD as of 15 October 2017). Costs were standardized to the year 2016 from the year in which they were reported using the consumer price index (source: http:// www.abs.gov.au/ausstats/abs@.nsf/mf/6401.0).
Data collection
At study entry, participants underwent a physical exam and completed a standardized survey with questions on sociodemographic characteristics and health history. Three months after donation, participants completed mailed surveys with questions on expenses incurred during the donor evaluation period, the perioperative period, and the first 3 months after donation. This timeframe was chosen because most expenses related to donation occur within 3 months of surgery, and the accuracy of recalling information during this timeframe has an interclass coefficient greater than 0.80. 16 Multiple attempts were made to contact donors (by phone, mail or e-mail) about missing or discrepant data.
Statistical analysis
Total expenses within cost categories were summarized as follows (i): using the median and interquartile range of costs for only those donors who reported having the expense; and (ii) using the mean for all donors (including those who did not report having the expense or using the resource). Analyses were conducted using Stata Release 11.2 (StataCorp LP, College Station, TX, USA).
RESULTS
Between 2010 and 2014, we enrolled 55 living kidney donors across Australia from three units in Perth, and one unit in Melbourne. Of 55 donors, 49 (89%) completed the costing questionnaire at the 3-month assessment. Characteristics of 49 donors at the time of donation are shown in Table 1 . Donors were an average age of 54 years and 90% were white; 33% donated to a recipient they were emotionally related to and 41% donated to a genetically related recipient. All nephrectomies took place between 2010 and 2014.
Direct costs (travel, accommodation, and medication) are summarized in Table 2 (Table 3) .
Indirect costs (lost wages and lost productivity) are summarized in Table 2 . Lost income was reported by 37 donors (76%): the median number of days off work was 30 and the median amount of lost income was $9891. Lost productivity was defined as being unable to perform household activities or care for dependants. While these indirect costs were reported by 32 (65%) and 23 (47%) donors, respectively, reported costs were minimal (median $0 for each category). When averaged across all 49 donors, total indirect costs, including lost income, amounted to an aver- Total direct and indirect costs averaged $8932 per donor (median $7963 among 49 donors). The distribution of direct and indirect costs is presented in Figure 2 . While 65% of donors incurred less than $1000 in direct costs, 47% of donors reported more than $8000 in indirect costs.
DISCUSSION
To our knowledge, this is the first study to prospectively evaluate the financial costs incurred by living kidney donors in Australia. All 49 donors in our study incurred direct costs and over one-third incurred indirect costs. Total direct and indirect costs averaged $8932 per donor, and 10% of donors incurred costs above $15 000, which represents approximately 12 weeks of average weekly earnings in Australia. 17 Our study confirms that many living kidney donors in Australia incur substantial expenses as a result of donating a kidney. Though the recent decrease observed in living donor kidney transplantation aligns with that observed in other countries, an examination of the Australia and New Zealand Dialysis and Transplant Registry found that compared with the lowest socioeconomic disadvantaged quartile, patients from the most advantaged quartile were more likely to receive a living donor kidney transplantation, a disparity not observed in cadaveric donation. 18 This disparity could possibly be explained by the real or perceived financial stress of donating a kidney. 6, 7, 18 The financial losses of living kidney donors are further compounded by the fact that a considerable proportion of living donor kidney transplantations occur between spouses (>25% in Australia), and any financial burden may be increased due to financial consequences of the chronic illness of ESKD. Many recipients have modest median household incomes that are similar to donors' household incomes, limiting the ability of the recipient to aid the donor in covering those expenses. 13 During the course of this study, the Australian Department of Health piloted the Supporting Leave for Living Organ Donors program (commenced 1 July 2013). This national programme reimburses employers who provide leave or ex gratia payments to employees who undergo kidney donation. Reimbursement was set at the national minimum wage (2016: $672.70 per week) for up to 6 weeks leave, providing a maximum lost wages reimbursement equal to $4036.20, which is well below the median lost wages reported by donors in this study ($7273). In response to the evaluation of the pilot programme showing that the average amount of time taken off work for donation was 8.7 weeks, the government extended the reimbursement period to up to 9 weeks of lost wages (start date 1 July 2015). At the minimum wage level, this means donors would receive a maximum of $6054.30. Although these programmes aid in offsetting direct costs, they still do not account for the totality of lost wages, which represents the largest cost burden for many living kidney donors. 15, 19, 20 In July 2006, the Western Australia Country Health Service instituted a Travel Reimbursement scheme for donors living in rural areas, providing a daily rate of $220.30 to cover some expenses for travel to and accommodation in Perth. Policies for reimbursing living donors are continuing to evolve, as evidence builds around the financial burden of donating a kidney. The Department of Health in Australia has changed the Supporting Living Organ Donors Program as of 1 July 2017, to include the reimbursement of out-ofpocket expenses of up to $1000 (including accommodation, economy airfares, public transport, car hire, parking, petrol and road tolls). Our data suggests that this addition would meet the direct costs of 65% of living kidney donors.
Other factors need to be considered when developing a living donor reimbursement policy. In particular, it is important to acknowledge whether an employee's benefits cover lost wages, and the type of work the donor engages in, which dictates the type of leave available for workup and recovery. For example, manual labourers may require more time for recovery before being able to return to normal work activities. Reimbursement programmes may seek to tailor reimbursement to the type of donor instead of creating a 'one size fits all' approach to the financial burden living donors may face. As evidenced herein, regardless of the type of employment, many living kidney donors still lack a consistent way to get paid during their recovery time. McGrath, who undertook a qualitative study on the financial impact of donating a kidney among Australians, reports provided the following statement from a donor on the economic consequences of living kidney donation: '…the average person could not possibly do it.' 7 Another study found that the major concern related to living donation was time off work during recovery. 6 There is a growing body of evidence describing the direct and indirect costs to donors. A prospective Canadian study found that one third of donors incurred out-of-pocket costs in excess of $3000 CAD and 15% incurred out-of-pocket costs in excess of $8000 CAD. A retrospective study in the United States found that 20% of donors reported that donating a kidney caused financial burden and nearly 20% of donors took unpaid work. 21 Rodrigue et al. found that lost wages comprised 60% of total costs to living kidney donors, echoing the findings in the Australian setting. 22 
Limitations
Our study has limitations. We relied on self-reported data from participants. To minimize recall error, we collected costing data 3 months after donation, 16 and, where possible, asked for information on units of resources consumed rather than only out-of-pocket expenses. This method minimizes the participant burden (and error) of calculating out-ofpocket costs and also enables comparisons across jurisdictions. Although we used broad inclusion criteria, the sample size for this study was small. The 95% confidence interval of most of our estimates spanned more than $1500 dollars. To examine the potential for selection bias, we examined whether any key differences existed between our participants and the larger population of Australian donors. We found that our participants were slightly older (54 vs 49 years of age), but were similar on gender, race, and health status. 14 Also, Australia is a large country, and although participants were mostly from the Perth area, they could have donated in another jurisdiction, as reflected by the round trip air travel. We also did not consider medical costs in this study. Although Australia has a private health care system, most transplant units have donors evaluated in the public system, thereby eliminating any medical costs not included in the study (for example, laboratory work). It should be noted that wage rates used in this study were averages. Donors with higher income would have incurred higher loss of income, but would have suffered less financial burden given their higher socio-economic status. Finally, the financial considerations for living kidney donors goes beyond what was examined in this study, for example, the ability to obtain life insurance. 23 While other studies have demonstrated that a donor's ability to obtain life insurance is similar to non-donors, this question has not yet been examined in Australia.
CONCLUSIONS
Many living kidney donors in Australia incur substantial expenses as result of donating a kidney. Our study supports the need for reimbursement programmes to reduce the economic consequences of living donation, particularly for donors where the process of living kidney donation is a significant financial burden. Further studies examining the impact on costs and consequences to living donation can help inform policy and demonstrate if it is a factor influencing the recent decline in living kidney donation rates seen in Australia and around the world. 
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